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play a significant role. Several assay methods for TSI have been developed by using slices (Onaya et al., 1973; McKenzie & Zakarija, 1977; Atkinson & Kendal-Taylor, 1981) 
Results
Effect of culture time on cAMP responsiveness to the stimulation with various doses of bTSH Cyclic AMP responsiveness of the cells to various doses of bTSH stimulation on the initial day, 2, 4, 6 and 8 days in culture is shown in Fig. 1 . Maximal responses to various amounts of bTSH stimulation were observed on 6 days in culture.
Effect of culture time on cAMP responsiveness to the stimulation with Graves' IgG's and normal pooled IgG Cyclic AMP responsiveness of the cells to a dose (10 mg/ml) of 5 IgG's from untreated Graves' patients and normal pooled IgG were examined on 2, 4 and 6 days in culture. As shown in Table 1 , maximal response to 5 IgG's from patients were also observed on 6 days in culture. Therefore, cells at 6 days in culture were employed in the following experiments.
Time-course of cAMP response to various doses of bTSH After 6 days in culture, porcine thyroid monolayer cells were incubated with various doses of bTSH (0, 0.01, 0.1, 1, 10, or 100 mU/ml) with 0.5mM IMX for up to 5h. Increases in cAMP contents in the cells by each dose of bTSH were seen within 5 min. Cyclic AMP responses were maximal at 30 min after the addition of 10 and 100mU/ ml and at 60min in 0.01 and 0.1mU/ml bTSH. in fresh medium with various doses of bTSH (0, 0.01, 0.1, 1, 10, or 100mU/ml). Dosedependent increases in cAMP in the cells were observed up to 100mU/ml and a significant increase was seen at the minimal concentration of 0.01mU/ml of bTSH (Fig.  3) .
Effects of incubation time with IgG's from
Graves' patients and a pooled IgG from normal subjects on intracellular cAMP concentrations When the cells were incubated with 10 mg/ml of individual IgG from 12 patients with untreated Graves' disease, cAMP levels in the cells were increased by IgG's during 2h incubation. Although the increased levels of cAMP were maintained in 5 IgG's, the levels of the others gradually decreased during an additional incubation period . No change in the intracellular cAMP concentration was observed when the cells were incubated with a pooled IgG from 20 normal subjects at up to 3h incubation (Fig. 4) . Dose-response relationship between IgG from patients with untreated Graves' disease or pooled IgG from normal subjects and intracellular cAMP concentrations When the cells were incubated with various doses of IgG from 9 patients with untreated Graves' disease for 2h, cAMP levels in the cells were increased in a dosedependent fashion up to a concentration of 10mg/ml of IgG (Fig. 5) . No increase in the intracellular cAMP concentration was observed when the cells were incubated with IgG from pooled normal sera (Fig. 5) .
Intra-and inter-assay variations in TSI assay
In this assay, coefficients of variation (C.V.) for intra-assay were 10.2 for IgG with high activity, 8.2 for a moderate high, and 8.6 for a low TSI activity, respectively (Table, 2 ). For inter-assay variations, they were 10.1, 7.8 and 9.9%, respectively (Table, 3 ). Table 4 . TSI activities in IgG's of normal subjects and patients with untreated Graves' disease.
The activity of TSI was expressed as percent of control (cAMP concentration in the cells incubated with 0.5mM IMX alone). Table  5 . Sequential changes in TSI activity. Thyroid stimulating activities in IgG's from patients with untreated Graves' disease When IgG's from 145 patients with untreated Graves' disease and 24 normal subjects were tested for TSI activity by using porcine thyroid monolayer cells with 2h incubation and a dose of 10mg/ml of IgG, 141 IgG's from untreated patients with Graves' disease showed higher activities (228 
Discussion
Various procedures have been used to estimate thyroid stimulating antibodies which are detected in sera of patients with Graves' disease, including the estimation of radioiodine turnover in mouse thyroid (McKenzie , 1958) , competition with LATS for binding to human thyroid plasma membrane (Adams Kennedy, 1967) , the formation of colloid droplets (Onaya et al., 1973) , the inhibition of binding of radiolabelled TSH to thyroid membranes (Smith & Hall, 1974) , lysosome activation (Petersen et al., 1975) , the stimulation of adenylate cyclase in human thyroid slices (Onaya et al., 1973; McKenzie & Zakarija, 1977) or cultured cells (Hinds et al., 1981; Kasagi et al., 1982) and the stimulation of T3 release in porcine thyroid slices (Atkinson & Kendal-Taylor, 1981) . However, the detection rates for thyroid stimulating antibodies in these assays vary from very low to relatively high depending on the animal and the marker used.
In the present study, we used monolayer cultured cells of the porcine thyroid glands as the tissue and intracellular cAMP concentrationa as the marker. An early report showed that cAMP responsiveness to TSH stimulation in isolated porcine thyroid cells was maximum after 1 day of incubation and then decreased gradually in suspension culture (Takasu etal, 1977) . According to a recent report, when isolated follicules of porcine thyroid gland were cultured in suspension for 24 h, a dose-related response to TSH stimulation was observed (Watanabe et al., 1985) . In the current study, we employed monolayer cells cultured for 6 days, since the responsiveness of cAMP to both stimulation with bTSH and Graves' IgG was the greatest at day 6 in culture of porcine thyroid monolayered cells. In studies of the time course, the maximal increase in cAMP was seen 2h after the addition of IgG's from 12 patients, although it was earlier time (30 to 60min) after the addition of bTSH. Therefore, TSI activity was assessed by incubating cells with IgG's for 2h, in which good dose-related increases were observed. By using this method, a high incidence of positive results was seen in detecting TSI in sera from patients with untreated Graves' disease. In assay methods for TSI reported by Hinds et al. (1981) and Kasagi et al., (1982) thyroid glands were used and they observed good sensitivity in detecting TSI, the former, 83% (in 15 of 18 IgG's samples from patients with untreated Graves' disease) and the latter, 82.5% (in 33 of 44). Our method using porcine thyroid in the present study is not at all inferior to their methods in detecting TSI and one advantage over theirs is the ready availability of tissue. When IgG's from Graves' patients were tested, a relatively limited range of cAMP responses was seen (maximal response, 393% of control), which is quite different from the results with human thyroid cells as reported by Kasagi et al. (1982) and this laboratory (Fukue et al., 1982) . However, the detectability of abnormal thyroid stimulating immunoglobulins of Graves' patients was superior to human thyroid cells in porcine thyroid. We cannot yet tell why porcine thyroid cells respond less than human thyroid monolayer cells in cAMP concentrations. It is likely that the species difference can be the cause.
There may be some argument over whether TSI activity estimated by porcine thyroid cells reflects thyroid stimulating activity in human disease, but in the present study TSI activities in patients with untreated Graves' disease have become negative in most patients eighteen months after medical treatment. Our results suggest that TSI measured by porcine thyroid monolayer cells can be considered to play a significant role in the pathogenesis of Graves' disease.
Note. After this report was submitted, a TSI bioassay method using porcine thyroid follicles in suspension culture was reported by Isozaki et al. (1958) . Isozaki O., T. Tsushima, K. Shizume, M. Saji, Y. Ohba, K. Sato and K. Kusakabe (1985) . J. Clin. Endocrinol. Metab. 61: 1105-1111.
